• Background and Aims: Slow rates of molecular evolution at low taxonomic levels 2 1 hamper studies of relationships among species, and subsequent biogeographic and 2 2 evolutionary analyses. An example is the genus Brahea, which is among the most poorly 2 3 understood lineages of American palms and is characterized by a wide variety of growth 2 4 forms and intermediate morphological features.
various names associated with Brahea into 12 and 11 species, respectively, based on 6 niche differentiation), growth form evolution, horticulture, and conservation of these 1 7 1 ecologically important palms. Taxon sampling and DNA sequencing. We sampled all 11 species currently recognized 1 7 8
in Brahea (Table 1, including Washingtonia robusta and Chamaerops humilis as outgroups; ambiguity codes produced an alignment of 121,301 bp with 333 parsimony-informative sites. Four contiguous regions of the mitochondrial genome were included here (approximately 67, 91, 2 8 6 52, and 25 kb, respectively), totaling 261,650 bp when concatenated. After removing gaps and 2 8 7 ambiguities as above, the total aligned length was 212,874 bp with 304 Parsimony-informative 2 8 8 sites. Amplicons for CISP5 showed clear evidence of double banding, and so this locus was 2 8 9
excluded from further analysis. The total, combined dataset was 342,142 bp in length, with 756 2 9 0 PIC. Data are deposited under GenBank accession numbers XXXXXX-XXXXXX. Plastomes. Parsimony, Maximum Likelihood, and Bayesian analyses of whole aligned 2 9 4 plastomes, with one copy of the IR removed, yield highly resolved and strongly supported while B. pimo is sister to B. salvadorensis (100, 100, 1.0), and these two clades are sister to one 3 0 5 another (100, 100, 1.0; hereafter referred to as the B. pimo clade). Sister to this is a clade 3 0 6 composed of (B. armata, B. aculeata; 90, 93, Combined analyses. Combined nuclear data (rDNA, MS, CISP4, and RPB2) yield a ( Fig. 4 ). Both of these clades comprise subgenus Erythea sensu Quero and Yáñez (2000) 3 5 0 (ancestral value = 6.95 ± 2.63 m). The ancestor of subgenus Brahea is estimated to have had a 3 5 1 maximum height of 6.37 ± 1.85 m. Maximum height shows a strong relationship with root-to-tip 3 5 2 branch lengths, which range from 0.000469 substitutions·site -1 (s·s -1 ) in B. dulcis to 0.000803 s·s -3 5 3 1 in B. moorei (F = 32.94, df =11, p = 0.00013). However, this relationship is non-significant when correcting for phylogenetic relationships via Independent Contrasts (F pic = 0.002, df = 10, 3 5 5 p = 0.96), suggesting that any relationship between these traits is better explained by shared 12 decumbens is 2.5 m vs. the ancestral value of 6.37 ± 1.85 m for the B. dulcis clade, while in B. berlandieri (0.5, 0.00-1.4). Ancestral range reconstruction. We inferred an ancestral range of AB for the B. armata BayAreaLike+j model (L % > 0.95). However, L % is substantially lower when the 'j' parameter is Species distribution modeling and ecological niche differentiation. We rejected 3 8 5 equivalency of SDMs for all comparisons between species pairs of interest (Table 3) armata falls below the established 5% CI of the null distribution, but is not significantly different 3 9 0 from the null post-Bonferroni correction (P = 0.0374; α adjusted critical value = 0.016). The RTR-
MO test also failed to reject that the observed overlap between B. berlandieri and dulcis 3 9 2 significantly differed from the null distribution (P = 0.216).
9 3
We ultimately excluded approximately half of the GBIF localities, after manually and 3 9 4 ecologically filtering outliers resulting from: taxonomic uncertainty, obvious cultivation out of 3 9 5 the native range, or a lack of georeferencing/coordinate certainty [Supplementary Information, 3 9 6 Table S2 ]. We identified no major differences between published species ranges and the extents 13 Analyses using our Pearson-filtered predictor dataset conservatively resulted in more predicted range, and a small area of occurrence, respectively. We thus chose not to include these Palm systematics has been a challenge due to a combination of morphological homoplasy 4 2 7
and extremely slow plastid DNA substitution rates (Uhl and Dransfield, 1987; Uhl et al., 1995; 4 2 8 Gaut et al., 1992; Barrett et al., 2016a) . Because of this, palm systematists have turned to 4 2 9
genome-scale datasets, as these greatly increase the number of informative characters available 4 3 0 for phylogenetic analyses (Barrett et al., 2016a; Comer et al., 2015; 2016; Barrett et al., 2016b ; Brahea. Furthermore, this study is the first to estimate divergence times, ancestral ranges, armata clade, with little to no support [ Fig. 1; Supplementary information, Fig. S1 and S2]. The two principal clades recovered here correspond closely to the subgenera Brahea and 4 5 6
Erythea recognized by Moore (1973) suggesting environmental or local variation, and quite possibly gene flow among these species. This situation is pronounced in palms, which display some of the lowest substitution rates among 5 1 0 monocots, and are unequivocally the tallest of the monocots (Barrett et al., 2016a) . Here, 5 1 1 although these patterns exist at broad taxonomic scales (e.g. across angiosperm orders and 5 1 2 families), it is unknown whether they also exist at finer taxonomic scales. Thus, we used Brahea
as a case to address whether this pattern holds at finer taxonomic levels. Though there is an 5 1 4 apparent negative correlation between substitution rate and height, this relationship is better by-taxon basis, as suggested by Barrett et al. (2016a) . The earliest divergence in Brahea corresponds approximately with the onset of formation common ancestor of all Brahea is equivocal based on our analysis in BioGeoBears (Fig. 3) . Thus occupying all areas but Baja California and Guadalupe Island.
4 6
The radiation of the B. armata clade began an estimated 5.51 mya (HPD = 2.13-9.84), Oskin, 2014). Jump dispersal (i.e. founder event speciation) can be attributed to the origin of B.
It is more difficult to interpret the estimated biogeographic history of the B. pimo clade, 5 6 7
due to the equivocal likelihood percentage of its ancestral range in both models (Fig. 3) .
6 8
However, all speciation events in this clade potentially overlap with the ongoing formation of the 5 6 9
Transvolcanic Belt in central Mexico, and thus it is unknown whether the later stages of volcanic dispersal to neighboring areas than for vicariance and allopatric speciation due the formation of 5 7 3
the Transvolcanic Belt (Fig. 3 ).
7 4
DEC-like models, and especially those carrying the 'j' parameter have been criticized 5 7 5
recently, in that they fail to properly model cladogenetic events by preferentially biasing analyses 5 7 6
towards cladogenesis (as opposed to anagenetic processes), and artificially inflating conclusions of jump dispersal/founder event speciation (Ree and Sanmartín, 2018) . Therefore, we interpret 5 7 8 our findings cautiously, and conclude that our proposed ancestral ranges for the species of Brahea are largely equivocal. The biogeographic history of Mexico and Central America is 
